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A n g u l a r  d i s t r i b u t i o n s  o f  e l a s t i c a l l y  a n d  i n e l a s t i c a l l y  s c a t t e r e d
o , -pa r t i c l es  by  'O r ,  nuc le i  have  been  measu red  a t  I  3  ene rg ies  be tween
1 9 . 7 0  a n d  2 3 . 2 3  M e V .  T h e  p u r p o s e  o f  t h e s e  e x p e r i m e n t s  w a s  a  d e t a i l e d
s tudy  o f  t he  reac t i on  mechan i sms  found  f r om the  ana l ys i s  o f  c ross
secÈ ion  f l uc tua t i ons  i n  t he  ene rgy  range  whe re  b roade r  s t r uc tu res
i n  c h e  Í l u c t u a t i o n  c u r v e s  o c c u r .  O f  s p e c i a l  i n t e r e s t  w a s  t h e  r e a c t i o n
n e c h a n i s m  i n  c a s e  o f  i n e l a s t i c  s c a t t e r i n g  t o  a  3 *  s t a t e  i n  
' O * f ,
s u c h  a  p r o c e s s  i s  f o r b i d d e n  a s  o n e - s t e p  ( d i r e c t )  r e a c t i o n ,  b u t  e x i s -
t i ng  i neasu remen ts  a t  22 .5  Y IeY  showed  ev idence  f o r  a  d i r ec t  p rocess .
The  measu remen ts  we re  pe r fo rmed  w iLh  a lpha  pa r t i c l e  beams  p roduced
b y  r t r e  A . V . l ' .  c y c l o t r o n  o f  t h e  " V r i j e  U n i v e r s i t e i t "  a t  A m s L e r d a m .  W e
cons t ruc ted  a  sca t t e r i ng  chamber  su i t ab le  f o r  measu remen ts  ove r  a
w i d e  a n g u l a r  r a n g e .  P a r t i c l e  s p e c t r a  \ , í e r e  r e c o r d e d  w i t h  8  d e t e c t o r s
s imul  taneous ly  .
T h e  a n g u l a r  d i s t r i b u t i o n s  f o r  e l a s t i c  s c a t t e r i n g  ( o O  g r o u p )  a n d
Í o r  i n e l a s t i c  s c a t t e r i n g  t o  c h e  l o w e s t  e x c i t e d  s t a t e  ( 2 *  l e v e l  a t
1 . 3 7  M e V ,  o l  g r o u p )  s h o w  o s c i l l a t o r y  p a t t e r n s  a t  f o r w a r d  a n g l e s
( 0  . 7 5 o ) .  ï h e  p a t t e r n s  o f  c h e  o l  g r o u p  a r e  o u c  o f  p h a s e  w i t h  t h o s e
o f  t h e  o 0  g r o u p ;  t h e  p e r i o d  o f  t h e  o s c i l l a t i o n s  d e c r e a s e s  s l i g h t l y
w i t h  i n c r e a s i n g  E o  v a l u e s .  T h e s e  o b s e r v a t i o n s  a r e  c h a r a c t e r i s t i c
f o r  d i r e c t  i n t e r a c t i o n  ( D I )  p r o c e s s e s .  A t  l a r g e r  s c a t t e r i n g  a n g l e s ,
0  >  1 2 0 o ,  t h e  o s c i l l a t o r y  b e h a v i o u r  i s  s t i l l  p r e s e n t  i n  t h e  a n g u l a r
d i s t r i bu t i ons  o f  t he  o0  and  o l  g roup ,  bu t  t he  shape  and  t he  magn i t ude
change  w i t h  ene rgy .  The  same  i s  obse rved  a l so  i n  t he  angu la r  d i s t r i -
bu t i ons  ove r  t he  f u l l  r ange  o f  sca t t e r i ng  ang les  f o r  t he  oO g roup
+( 3 -  l e v e l  a t  5 . 2 3  M e V )  a n d  f o r  L h e  o ,  g r o u p  ( 4 *  l e v e l  a E  6 . 0 0  M e V ) .
These  va r i a t i ons  w i t h  ene rgy  a re  cha rac te r i s t i c  f o r  compound  nuc l "eus
( C N )  p r o c e s s e s .
I n  case  o f  e l as t i c  sca t t e r i ng  we  app l i ed  a  pa r t i a l  wave  ana l ys i s
fo r :  ( a )  f o rwa rd  sca t t e r i ng  ang les  (0  .  75o ) ;  ( ! )  t he  f u l l  angu la r
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r a n g e ;  ( c )  b a c k w a r d  a n g l e s  ( 0  >  l 4 0 o ) .  T h e  r e s u l t i n g  p h a s e  s h i f t s  t g
f o r  c a s e s  ( a ) ,  ( q )  a n d  ( c )  s h o w  d i f f e r e n c e s .  T h e  r e a s o n  i s  t h a t  d i f -
f e ren t  r eac t i on  mechan i sms  dom ina te  t he  scaÈ te r i ng  i n  t he  d i f f e ren t
angu la r  r anges .  Moreove r  t he  n .C t "  show  va r i a t i ons  as  a  f unc t i on  o f
ene rgy .  An  i nLe rp re ta t i on  o f  t hese  va r i a t i ons  can  be  g i ven  f o r  baek -
w a r d  s c a t t e r i n g  a n g l e s  o n l y ,  w h e r e  C N  p r o c e s s e s  a r e  c o n t r i b u t i n g
s t r o n g l y  t o  t h e  d i f f e r e n E i a l  c r o s s  s e c t i o n s .  A t  2 0  -  2 0 . 5  M e V  t h e
va r i a t i ons  appea r  i n  each  o f  t he  ng  ve rsus  ene rgy  cu rves ,  f o r
. Q ,  =  8 ,  9 ,  1 0 ,  l l ;  a t  t o  =  2 1  . 3 7  M e v  a  p r o n o u n c e d  d e v i a L i o n  o c c u r s
f o r  l n , o i  o n l y .  T h e  1 o w  v a l u e  o f  I n , o l  i s  a s c r i b e d  r o  a  r e l a r i v e l y
l a r g e  d e n s i t y  o f  l e v e l s  w i t h  J  =  l 0  i n  Ë h e  c o m p o u n d  n u c l e u s  
" r i  a t
E  =  2 8 . 3  M e V .  T h e  e n h a n c e d  d e n s i t y  m i g h t  b e  d u e  t o  a  c o l l e c t i v e
X
i e v e l ,  n o t  b e l o n g i n g  t o  t h e  g r o u n d - s t a t e  r o t a t i o n a l  b a n d .
A  compar i son  o f  ene rgy  ave raged  angu la r  d i s t r i bu t i ons  f o r  e l as t i c
s c a t t e r i n g  a n d  c a l c u l a t e d  d i s t r i b u t i o n s  b a s e d  o n  t h e  o p t i c a l  m o d e l
a n d  t h e  C N  m o d e l  s h o w s  t h a t  f o r  0  <  7 5 o  d i r e c t  p r o c e s s e s  a r e  s t r o n g l y
d o m i n a t i n g ,  w h e r e a s  f o r  0  >  l 5 0 o  C N  p r o c e s s e s  a r e  t h e  m o s t  i m p o r i a n t .
The  compound  nuc leus  28s i  decays  ma in l y  v i a  a -em iss ion l  p ro tons  and
neut rons cannoL carry  avíay che large angular  momentum,  brought  in
t h e  s y s t e m  b y  t h e  i n c o m i n g  o - p a r t i c l e s .  T h i s  p i c t u r e  h o l d s  i n  p a r t i -
c u l a r  i n  c a s e  o f  a l p h a  p a r t i c l e s  i n c i d e n t  o n  " 4 n  n u c l e i "  l i k e  ' 0 " r ,
2 8 ^ _ .  3 6 ^  ,  4 0 ^- - S l ,  -  - A r  a n d  - C a ,  s i n c e  t h r e s h o l d  e n e r g i e s  f o r  ( o r p )  a n d  ( o , n )
reac t i ons  a re  re l a t i ve l y  l a rge  f o r  such  t a rge t .  nuc le i .  The  l a rge
angu la r  momen tum va lues  g i ve  r i se  t o  paË te rns  w i t h  max ima  and  m in ima
in  t he  e las t i c  angu la r  d i s t r i bu t i ons ;  i n  pa r t i cu la r  t he  max imum nea r
lB0o  i s  p ronounce i .  The re fo re ,  t he  p resence  o f  t h i s  max imum needs  no
exp lanaL ion  i n  Le rms  o f  a  d i r ec t  exchange  p rocess .  I n  t he  angu la r
range  90o  -  l 50o  t he  l a rges t  dev ia t i ons  occu r  be tween  ene rgy  ave raged
expe r imen ta l  c ross  sec t i ons  and  ca l cu la t i ons  based  on  t he  op r i ca l  mo -
de l  and  t he  compound  nuc leus  mode1 ,  espec ia l l y  a t  20  and  2 l  MeV .  I t  i s
p robab le  t ha t  P rocesses  i n te rmed ia te  be tween  pu re  D I  and  pu re  CN p ro -
cesses  a re  show ing  up  i n  t h i s  angu la r  r eg ion .
I ne las t i c  sca t t e r i ng  angu la r  d i s t r i bu t i ons  o f  t he  o l  g roup  can  be
9 8 -
compared  h r i t h  t he  e las t i c  angu la r  d i s t r i bu t i ons :  d i r ec t  p rocesses
determine the forward angle  behav iour ,  and compound nuc leus proces-
ses  t he  behav iou r  a t  l a rge r  sca t t e r i ng  ang les .  W i th  t he  Aus te rn -
B la i r  t heo ry  a  reasonab le  desc r i p t i on  can  be  g i ven  o f  t he  obse rved
c ross  sec t i . ons ,  and  o f  t he  ene rgy  ave raged  angu la r  d i s t r i bu t i ons  a l so .
The  de fo rma t i on  o f  t he  
'O t f  
nuc leus  can  be  deduced  f r om the  s t reng th
o f  t h e  i n e l a s t i c  s c a t t e r i n g  p r o c e s s ;  t h e  r e s u l Ë  a g r e e s  w e l l  w i t h
r e s u l t s  f o u n d  i n  d i f f e r e n t  m e È h o d s .  C a l c u l a t i o n  o f  C N  d i f f e r e n t i a l
e r o s s  s e c t i o n s  s h o w  t h a t  t h e s e  p r o c e s s e s  c o n t r i b u t e  s t r o n g l y  t o  t h e
ine las t i c  sca t t e r i ng  f o r  0  >  90o ;  howeve r ,  t he  behav iou r  a t  ex t reme
b a c k w a r d  s c a t t e r i n g  a n g l e s  ( 0  n e a r  l 8 0 o )  i s  n o t  w e l l  u n d e r s t o o d .
I t  t u rns  ou t  t ha t  i ne las t i c  exc i t a t i on  o f  t he  3 *  l eve l  ( c ra  g roup )
p roceeds  v i a  CN fo rma t i on  on l y .  The  same  ho lds  f o r  t he  exc i t a t i on  o f
Lhe  4 *  l eve1  w i t h  t he  excep t i on  o f  t he  f o rwa rd  range  o f  sca t t e r i ng
a n g l e s ,  w h e r e  a  s m a l l  a m o u n L  o f  d i r e c t  i n e l a s t i c  s c a t t e r i n g  c o n t r i -
bu tes  a1so .  As  d i scussed  above ,  l a rge  angu la r  momen tum va lues  p lay
an  impo r tan t  r o l e  i n  compound  p rocesses ,  caus ing  a  s t rong  f o rwa rd
and  backward  peak ing  o f  t he  angu la r  d i s t r i bu t i ons .  Due  to  t he  unna -
t u r a l  p a r i t y  o f  t h e  3 *  s t a t e  t h e  c r o s s  s e c t i o n s  a t  0 o  a n d  l 8 0 o  a r e
ze ro ;  consequen t l y  t he  backward  max imum in  t he  angu la r  d i s t r i bu t i ons
o f  t he  o4  g roup  w i l l  appea r  aL  a  sma l l e r  ang le  t han  1800 ,  name ly  a t
l 600  1650 .  (The  f o rwa rd  max imum was  obse rved  a t  a  f ew  ene rg ies  on l y ,
due  t o  expe r imen ta l  l im i t a t i ons ) .  Ev iden t l y  t he  backward  ang le  be -
hav iou r  o f  t he  oO angu la r  d i s t r i bu t i ons  i s  no t  a  f ea tu re  o f  a  d i r ec t
i n t e r a c t i o n  p r o c e s s ,  a s  r e p o r t e d  b y  o t h e r s .
